Background: Therapeutic drug monitoring (TDM) in patients with Chronic Kidney Disease (CKD) with kidney transplant, represents a major post transplant concern due to the characteristics of this special category of patients, particularities which can generate changes of the pharmacokinetic profile of the administered medication. Material and methods: The current study is a retrospective pharmacokinetic study, over a period of 50 months, including a group of 36 kidney transplanted patients with CKD. Tacrolimus blood concentration was determined by a validated high-performance liquid chromatography method (HPLC), at a 12 hour time interval from the last administration of the immunosuppressive medication and before the following dose (Residual concentration, Cmin(trough)). Results: During the monitoring of therapy, based on the pharmacokinetic criteria, 252 measurements of blood concentration were determined, 58 of these being outside the therapeutic window.
Background
Tacrolimus belongs to the macrolid group isolated from Streptomycestzukubaensis. Immunosuppression is achieved by inhibiting calcineurin with the prevention of signal transmission at cell level, necessary for the activation of T limphocytes [1] . Its efficacy in immunosuppression in patients with kidney transplant as well as in other cases, has been proven by clinical studies [2] .
Therapeutic drug monitoring should be an integrated concept in clinical practice, especially in the case of administration of drugs with a low therapeutic index or in the case of administering drugs to a special population group such as patients with chronic kidney disease (CKD) and kidney transplant. On one hand, the purpose of monitoring is personalising the therapeutic regimen and on the other hand improving the treatment [3] .
The end stage of CKD implies the initiation of some measures for renal function substitution, and among the existing therapies kidney transplantation is by far one of the elective methods, considering both the costs for the health system as well as the improvement of the patient's condition. [4] This specific patient population must be permanently administered immunosuppressive therapy in order to maintain the viability of kidney allograft and to reduce chronic or acute rejection phenomena. Taking all this into account, as well as the fact that the studied drug belongs to a drug class with a narrow therapeutical range it is necessary to monitor therapy based on the pharmacokinetic criteria, in view of increasing the efficacy of therapy and to diminish drawbacks generated by underdosage or overdosage [5] .
Purpose of research
Monitoring the pharmacotherapy with tacrolimus is realised in order to improve its efficiency and safety, knowing the vulnerability of patients who are administered such therapy and the problems that occur when the therapeutic range is surpassed, causing the possible onset of toxic phenomena or therapy inefficiency.
The aim of the study was a comparative analysis of the clinical, laboratory and pharmacokinetic parameters in patients with kidney transplant treated with tacrolimus.
Material and method
A retrospective study was conducted between August 9 th , 2010 and October 16 th , 2014 on a group of 36 patients, clinical and biological data being taken from the medical records of Ambulatory Clinic of The Clinical Institute of Urology and Transplant Cluj Napoca, where the blood concentration of the studied drug was periodically determined, however information was also taken from the documents of the Nephrology Department of the Mures County Clinical Hospital, where the patients are monitored post-transplant.
We included all patients that were under triple immunosuppressive regimen with orally administered tacrolimus, mofetil mycophenolate and prednisone.
The current study has been approved by the Ethics Committee of the County Clinic Hospital of Tirgu-Mures.
The monitoring of the efficacy of therapy (tacrolimus twice daily) was achieved by periodical measurement of tacrolimus level in the blood.
The determination of the blood concentration of tacrolimus was achieved by a validated high-performance liquid chromatography method combined with mass spectrometry. In patients from the studied group, the blood concentration at steady-state was monitored at over 3 months after kidney transplantion, at variable time ranges: 1, 2 or 3 times a year, the blood samples being taken at 12 hours after the last dose, just before the following dose (C min(trough) -residual concentration).
Our study population was divided in two groups in order to obtain a comparative analysis of the parameters, patients with renal allograft from dead brain donors (group 1) and patients with renal allograft from living donors (group 2). The results are presented as mean±SD (standard deviation). The T student test has been used for unpaired data to compare the mean laboratory results between the two groups and when the data did not conform to the normality test Kolmogorov-Smirnov, Mann-Whitney test has been used. The statistical analysis was done with the use of the statistic programme Graph Pad Prism 6, and p was considered statistically significant under 0.05.
Results
A number of 36 patients met the inclusion criteria, mean age of patients was of 43 years (±11) at the moment of inclusion in the study,with a mean age of renal allograft of 61 months(±36). Regarding the patients' gender, male patients were predominant 55% (n=20). Analysing the etiology of CKD, pre-transplant most patients were diagnosed with chronic glomerular nephropathy 53% (n=19), autosomal dominant polycystic kidney disease (ADPKD) 17% (n=6), diabetic nephropathy 8% (n=3), congenital reflux nephropathy 8% (n=3), nephroangiosclerosis 3% (n=1), lupus nephritis 3% (n=1). Clasifying patients after the type of renal allograft, we have noticed that the patients who received an allograft from a dead brain donor are predominant 58% (n=21). [ Table I] Comparative analysis between the two groups shows that serum creatinine was significantly higher in dead brain donors [ Table II ]. Blood glucose was significantly higher in the same group but this is not clinically relevant considering the fact that 6 patients of group 1 had in CKD etiology diabetic nephropathy [Tabel I, II]. During monitoring 252 blood determinations of tacrolimus concentration at steady-state C min(trough) have been performed with a mean of 7 determinations per patient. 58 of these determinations were not in the therapeutic range (4-11 ng/ml), established by the current therapeutic guides [6] . 44 samples pointed at underdose, being under 4 ng/ml and 14 determinations were over 11 ng/ml, being over the therapeutic range, pointing at overdosage and toxic level. The level of tacrolimus varied in a rather wide range, the smallest value being of 1,1 ng/ml, and the highest value being of 29,7 ng/ml. [Table III] The daily dose of tacrolimus administered is slightly higher at patients from studied group 1, and GFR mean (Glomerular Filtration Rate) is lower, raising the risk of surpassing the therapeutic range due to the low renal clearance. For GFR we used the simplified form of the 4-variable MDRD (Modification of Diet in Renal Disease) Study Equation: eGFR = 186 x (Serum Creatinine) -1.154 x (Age) -0.203 x (0.742 if the subject is female) x (1.210 if the subject is black) [7] . Therefore, the level of overdosage at patients from the studied group 1 is higher comparatively with that of patients from the studied group 2. The level of underdosage is also high at these patients. Regarding the post-transplant complications, infections were frequent (bacterial, fungal, viral), urological complications, chronic allograft dysfunctions, anemia, neoplasias secondary to immunosuppression. [Table III ]
Discussions
We can state that kidney transplant represents a real advantage regardless of the type of donors for patients with end stage CKD by raising life expectancy as well as their quality of life. Nevertheless, it seems that even if the technical procedures are followed regarding the organ prelevation, from a clinical perspective the renal allografts from living donors are more viable. [8, 9] . The economic benefit, relevant for efficient health systems, is added to the clinical advantage especially if it involves preemptive treatment, which on one hand relieves the health system of the costs that are required by the current dyalisis methods and on the other hand the number of comorbidities, which might appear following the use of previously mentioned methods of renal substitution, are significantly reduced [10] .
The comparison of the laboratory parameters of the patients divided in the two groups according to the renal allograft: from dead brain donor (Group 1) and from living donor (Group 2), is justified in the specific case of the current study first of all from the point of view of the patients' clinical development, the preservation of the renal allograft being superior from living donors [8] .
The mean level of plasma creatinine at group 1 is higher, in agreement with other studies [11] , and GFR is automatically lower, p=0,005 at these patients, therefore an increase of drug concentration in the blood is noticed at this group of patients for whom renal clearance is impaired. One of the reasons for increased dose per day (Table III) at these category of patients, statistically significant (p=0,003), is caused by the difficulty of maintainig the drug level in the therapeutic range. Moreover, we cannot overlook the lower renal clearance in this group of patients, which added to larger doses can cause nephrotoxic phenomena following overdose [12] .
No cases of iatrogenic diabetes secondary to therapy with tacrolimus and prednisone were noticed at the studied groups. What should be considered is the fact that in the case of patients with diabetes prior transplant, metabolic alterations are likely to occur secondary to tacrolimus and prednisone [13] .
There are a number of factors which can influence the pharmacokinetics of tacrolimus, many of these being found in patients included in this study. Among these we should mention first of all, the simultaneous immunosuppressive medication such as mycophenolate mofetil, where research shows increased serum levels of tacrolimus [14] . Corticotherapy may also represent a significant underlying factor, since it uses the same isoenzymes of cytochrome P 450 for byotransformation (CYP3A4), leading to a decrease of tacrolimus level in the blood, having a slight enzymatic inductor effect [15] . Another important element is the age of renal allograft, the patients age at the moment of transplant, the medication administered for other comorbidities such as calcium-channel blockers (felodipine) for the treatment of hypertension -4 patients from group 1 and 2 patients from group 2 [16] ; theophylline for the treatment of asthma -1 patient from group 1 [17] , ketoconazole, inhibitor of CYP3A4, for the treatment of mycotic infections -2 patients from group 1 and 1 patient from group 2 [18] ,the patients' diet (grapefruit juice, intake of pomelo, foods that may act as enzymatic inhibitors of CYP3A4) [19, 20] , CYP3A4 polymorphism [21] . All of the above 
Conclusions
Kidney transplant is one of the efficient methods of treatment for the end stage of CKD. That is why it is recommended to change the population's perception toward organ donation, in case of dead brain patients as well as for living patients, namely in case of altruistic donations. Consequently we must admit that the interindividual variability (CYP3A4 polymorphism)should be taken into account especially in the case of immunosuppressive therapy, at patients with kidney transplant. The improvement of immunosuppressive therapy cannot be achieved only through a more precise adjustement, according to the clearance of creatinine, body weight, through the change of the interval of administering dosage in order to maintain tacrolimus level in the therapeutic window. In the same time, a clinical and paraclinical assessment at shorter intervals especially, maybe every two months, in the case of patients who received the renal allograft from a dead brain donor is rendered mandatory. In this way the monitoring of post transplant complications is more rigurously controlled facillitating early therapeutic intervention.
Regarding the tailoring of dose, there are two options available: either dose adjustment, which is the current practice, or the adjustment of the time interval between administrations, especially at patients of group 1 who are more vulnerable avoiding thus underdosage and inefficient therapy or overdosage followed by toxic phenomena. Continuous monitoring based on the pharmacokinetic criteria is highly recommended in case of a special group of patients such as that of patients with CKD and kidney transplant, since dose administration is still done empirically. Therefore, tailoring the dose must be done according to the level of the blood concentration of the immunosuppressant drug, without overlooking other cofactors described in this study, which might interfere and alter an optimum level of therapeutical concentration.
Taking into account the conclusions that we have reached as a result of our research as well as the limitations of this study, represented by the small number of transplanted patients included in this study (those belonging to Mures area) and on the other hand, the data collected from only one transplant centre, we aim at conducting a further study, which might comprise a larger group of patients, from more counties, possibly patients from more transplant centers from our country for a comparative analysis. In addition a study of populational pharmacokinetics could be conducted, taking into account the characteristics of this special population with CKD and kidney transplant.
